Introduction
The genomic data reflected patterns across evolutionary histories: new mutations were 1 0 0 overrepresented in genes that encode structural virion proteins. Notably, this pattern 1 0 1 implies that structural genes-and in particular, those that function in host recognition, 1 0 2 infection, and stability-are important in niche-breadth evolution, regardless of 1 0 3 conditions that promoted a particular ecological strategy (specialism or generalism). We 1 0 4 discuss these findings in detail, and reflect on their implications for general viral 1 0 5 ecology, and for the various arenas where bacteriophage niche breadth has practical
The burst size for T4 on E. coli B has been previously determined to be approximately impression of the number of T4 generations which occurred during experimental 1 7 7 evolution, it is an imperfect estimate. A more accurate estimate would require 1 7 8
knowledge of the burst size on the selected host (which may be different than the burst 1 7 9 size on E. coli B) and the number of phage added and produced during serial passaging Phage quantification. Quantification was accomplished using plaque assays in which 1 1 values generated from this analysis were adjusted using the Holm method, which is 2 2 9 designed to give strong control of the family-wise error rate while retaining more power 2 3 0 than the Bonferroni correction. The results of this analysis are available in 2 3 1 Supplementary Table 1a and 1b. Additional productivity assays (n = 3) were performed for the T4 ancestor in order to overnight incubation at 37°C, lysates were collected and purified in the same manner as 2 5 0 with the serial passaging. Assay Kit (ThermoFisher Scientific). In module 4, DNA size selection was performed 2 7 4 1 3 twice (rather than once). First, 0.55× magnetic beads were added to genomic DNA to 2 7 5 remove large (> 600 bp) fragments. Following incubation at RT for 5 minutes, the tubes 2 7 6
were placed on a magnetic stand and the supernatant was removed and transferred to 2 7 7 new PCR strip tubes. In the second size selection, 0.3× magnetic beads were added to 2 7 8 the supernatant to bind DNA fragments of desired length (~250 -600 bp). Following 2 7 9 incubation at RT for 5 minutes, tubes were placed on a magnetic stand and the were subsequently filtered from all evolved populations in order to account for mutations 3 0 0 that were present in the T4 ancestor but absent in the reference genome. The default 3 0 1
Breseq configuration requires a mutation to be found in at least 5% of the reads, hence only SNPs present in the populations at 5% or greater were considered. All polymorphisms and their frequencies are available in Supplementary Table 2a . In the present analysis, sequencing error bias presented barriers for the determination 3 0 6 of polymorphisms. To remedy this, mutations with consistent statistical evidence of 3 0 7 strand bias were removed in circumstances where the mutation would not be called were filtered due to strand bias in cases where there existed at least 5% difference 3 1 0
between the forward and reverse strand (preventing cases where a mutation is found in 3 1 1 4.9% on one strand, and 5.1% on the other one, but filtering out cases where a mutation 3 1 2 is found in 1% in one strand, but 6% on the other). xNPs similarly presented issues with 3 1 3
the NGS analysis pipeline, as it did not recognize sequential mutations as one to a situation where mutations occurred separately in different reads) to validate the predictably highest on the ancestral host E. coli B (10.37 log 10 PFU with 0.14 standard 3 6 0 deviation [SD]), slightly lower on E. coli K-12 (9.77 log 10 PFU, 0.06 SD), and lowest on 3 6 1 E. coli C (6.10 log 10 PFU, 0.20 SD) (Fig. 2) . Analysis of these data using one-way 3 6 2 ANOVA followed by Tukey's Honest Significant Differences (HSD) test indicated that 3 6 3 productivity differences were significant (P < 0.01). Notably, T4 productivity was slightly orders of magnitude (on the order of 10 4 ) lower than the others. expressed as log 10 PFU/mL, on E. coli B were either equivalent or greater than those on 3 7 7 the selected host(s) (Fig. 3) . Specifically, the grand-mean titer for E. coli C evolved nested within history was specified as a random factor. We used the model to generate assay host, and number of passages (Fig. 4) 2). This analysis revealed that all fixed factors and their interactions had a significant In addition, we performed pairwise comparisons on predicted LS means for productivity 4 1 3 between evolutionary histories for each level of assay host and number of passages 4 1 4 (see Fig. 4 for a graphical representation and Supplementary Table 1a We predicted that evolution on E. coli K-12 would lead to higher productivity with the 5 0 3 single host populations performing better than the alternating host populations. Instead, 5 0 4
we observed decreased productivity with no significant differences between the single 5 0 5
and alternating host histories. Though empirical evidence from previous viral 5 0 6 experimental evolution studies have contradicted theory and found no cost associated 5 0 7
with generalism (Bedhomme et al., 2012; Novella et al., 1999; Turner & Elena, 2000) ,
our results present a different kind of departure. This raises an important question 5 0 9 specific to our system: why would T4 passaged on E. coli K-12 evolve lower productivity 5 1 0 on its selective host? One simple explanation is that productivity did not improve 5 1 1 because it was not the target of selection, which undermines the neat equivalence 5 1 2 between productivity and reproductive fitness. In contexts where competition is more 5 1 3
synonymous with fitness, one might expect productivity to be completely decoupled 5 1 4 from evolution. Indeed, prior studies have suggested that productivity can be negatively ecological phenomenon, there are many limitations that can affect our interpretations 5 2 0 and conclusions. The chief concern is that measurements made in the laboratory may and ecological phenomena still apply to our experimental microcosm, which makes it theory. Next, our study did not measure changes in phage fitness, but rather, phage 5 2 6
productivity. Though this trait can be closely associated with phage fitness and has 5 2 7
been previously used as a proxy for fitness (Morley et al., 2015; Turner, Draghi, & 5 2 8 Wilpiszeski, 2012), it is clear from our findings that assuming this equivalence is not 5 2 9
always appropriate in our system. Importantly, this suggests that the productivity to be moderated by bacterial host strain (Benzer, 1957) . Evolutionary genomics data reveals evidence for selection. We observed genetic The genotypic evidence is suggestive of positive selection as the source of elevated 5 4 3 rate of nonsynonymous mutations in structural genes (for a more detailed discussion of 5 4 4
other plausible causes, such as mutation bias, see the Supplemental Information).
4 5
Though mutation bias can influence the direction of an adaptive trajectory, newly introduced mutations are still subject to elimination or fixation through the processes of previously isolated T4 ancestral clone and split into three evolutionary histories with 7 4 5 different host environments: five populations were exposed to E. coli C, another five 
